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Cold tolerance fundamentally affects world crop harvest. Ma et al. now identify a single-nucleotide
polymorphism in a gene called COLD1 that confers cold tolerance in japonica rice. This study
reveals important insights into agronomical traits that are essential for human nutrition.Figure 1. Model of COLD1 Function in Rice Cold Tolerance
The two alleles of the membrane protein COLD1 from the cold-sensitive indica and the more cold-tolerant
japonica cultivars of rice differ in one amino acid of the third membrane-spanning domain (japLys187
versus indMet187/Thr187). This difference coincides with elevated cytoplasmic Ca2+ concentration in
japonica compared to indica. Cold stress accelerates the GTPase activity of the G-protein a subunit 1
(RGA1) upon RGA1 interaction with COLD1jap, but not with COLD1ind, further increasing cytoplasmic Ca2+
concentration in japonica. Details of the ion conductivity of COLD1 and the identity of the Ca2+ channel(s)
involved remain to be established.Rice (Oryza sativa L.) is one of the most
important staple food crops consumed
by half of the world’s population. Rice is
extensively cultivated on every continent
in more than 100 countries (Juliano,
2003). Due to its diverse growing loca-
tions and climatic factors, rice is exposed
to many biotic and abiotic stresses,
which affect the physiological status,
thereby affecting its overall metabolism
(da Cruz et al., 2013). In particular, cold
stress adversely affects the rice plants
at their germination, vegetative growth,
and reproductive stages, leading to se-
vere yield reduction. Understanding the
mechanisms of and improving the cold
tolerance of rice is therefore of eminent
importance for feeding the world’s popu-
lation. During a thousand years of rice
domestication, two major genotypes
have been bred and cultivated widely by
the rice farmers: japonica, which exhibits
superior cold tolerance and indica, with
a higher yield.
In this issue of Cell, Ma et al. (2015)
report the identification of a quantitative
trait locus (QTL) named COLD1 that
confers cold tolerance in japonica rice.
COLD1 was identified in recombinant
inbred lines generated from a cross be-
tween cold-tolerant Nipponbare (japonica)
and cold-sensitive 93-11 (indica) culti-
vars. Ma et al. performed a fine mapp-
ing of COLD1 by analyzing three near
isogenic lines containing the COLD1NIP
locus in the 93-11 background. This led
to the identification of a single-nucleotide
polymorphism, SNP2, originating from
Chinese wild rice relativeOryza rufipogon.
Quite excitingly, this one nucleotide
change was responsible for conferring
cold tolerance in japonica rice. The au-
thors further corroborated this finding
by genetic complementation and overex-
pression studies. This extensive studyprovides fundamental insights of how
cold tolerance was subjected to artificial
selection during rice breeding.
COLD1 appears to represent a nine
transmembrane domain protein that isCell 160related to Arabidopsis GTG1 (Pandey
et al., 2009; Jaffe´ et al., 2012). In Arabi-
dopsis, two genes (GTG1/GTG2) encode
homologs of COLD1 that have been im-
plemented in ABA responses and plant, March 12, 2015 ª2015 Elsevier Inc. 1045
development (Pandey et al., 2009; Fuji-
sawa et al., 1999; Jaffe´ et al., 2012). An
important question arising from this study
is how COLD1 (and its plant homologs)
may contribute to cold tolerance. Here,
the topology of COLD1 suggests that it
may function as an ion-conducting pro-
tein. The authors observe the localization
of COLD1 in the endoplasmic reticulum
and the plasma membrane. Interestingly,
a recent study characterized a similar
mammalian protein as being resident in
the Golgi and functioning as a cellular
Golgi pH regulator in Chinese hamster
(Cricetulus griseus). This protein was
found to be involved in Golgi acidification
and functioning as a voltage-dependent
anion channel (Maeda et al., 2008).
Remarkably, Ma et al. reported an
elevated basal Ca2+ concentration in
rice plants expressing the cold-tolerant
COLD1 allele. Moreover, they observed
temperature-dependent changes in the
protein structure of COLD1. These find-
ings make it tempting to speculate that
COLD1 might convey a specific physical
parameter represented by temperature
into changes in cellular Ca2+ concentra-
tions. This Ca2+ signal would then trigger
plant adaptation to the environmental
cue accordingly (Figure 1).
The study by Ma et al. also provides
evidence that COLD1 interacts with the1046 Cell 160, March 12, 2015 ª2015 Elsevierice G protein a subunit 1 (RGA1), sug-
gesting that COLD1 might be involved
in G-protein-dependent signal transduc-
tion. Importantly, they also demonstrated
that COLD1jap from the cold-tolerant
japonica cultivar, but not the allele from
the cold-sensitive indica cultivar, acceler-
ated the RGA1 GTPase activity. Similarly,
truncated protein COLD1Djap did not
infer cold tolerance. In line with the po-
tential contribution of COLD1jap to Ca2+
signaling, voltage-clamp recording in
Xenopus oocytes revealed that COLD1
affected the influx of cations such as
Ca2+ in the presence of RGA1. This obser-
vation suggests that the cold-stimulated
inward current may originate from Ca2+-
dependent interaction between them.
These findings raise interesting ques-
tions considering the cross kingdom
conservation of COLD1. It will be most
interesting to address whether this pro-
tein may function as a temperature-regu-
lated ion channel by analyzing COLD1
currents in reconstituted lipid bilayers.
In addition, how do different alleles
of COLD1 influence cytoplasmic Ca2+
concentrations? From this perspective,
further elucidating the subcellular locali-
zation of COLD1 would be important
for providing insights into its role in regu-
lating cellular ion homeostasis. Another
intriguing question is whether the elevatedr Inc.Ca2+ concentration in COLD1jap plants
directly triggers enhanced cold tolerance.
Would this mean that increasing resting
Ca2+ levels andcold-inducedCa2+ release
could be sufficient to cope with cold envi-
ronment? Overall, this work may pave the
way to tackle the food production insuffi-
ciency due to environmental changes
and may contribute to food security by
stabilizing the yield of a major crop that
nurtures a large human population on
this planet.REFERENCES
da Cruz, R.P., Sperotto, R.A., Cargnelutti, D.,
Adamski, J.M., de FreitasTerra, T., and Fett, J.P.
(2013). Food and Energy Security 2, 96–119.
Fujisawa, Y., Kato, T., Ohki, S., Ishikawa, A.,
Kitano, H., Sasaki, T., Asahi, T., and Iwasaki, Y.
(1999). Proc. Natl. Acad. Sci. USA 96, 7575–7580.
Jaffe´, F.W., Freschet, G.E., Valdes, B.M., Runions,
J., Terry, M.J., and Williams, L.E. (2012). Plant Cell
24, 3649–3668.
Juliano, B.O. (2003). Rice in Human Nutrition
(Food and Agriculture Organization of the United
Nations), pp. 1–15.
Ma, Y., Dai, X., Xu, Y., Luo, W., Zheng, X., Zeng, D.,
Pan, Y., Lin, X., Liu, H., Zhang, D., et al. (2015). Cell
160, this issue, 1209–1221.
Maeda, Y., Ide, T., Koike, M., Uchiyama, Y., and
Kinoshita, T. (2008). Nat. Cell Biol. 10, 1135–1145.
Pandey, S., Nelson, D.C., and Assmann, S.M.
(2009). Cell 136, 136–148.Monkeys in a Prisoner’s DilemmaJu Tian1,* and Naoshige Uchida1,*
1Center for Brain Science, Department of Molecular and Cellular Biology, Harvard University, Cambridge, MA 02138, USA
*Correspondence: jutian@fas.harvard.edu (J.T.), uchida@mcb.harvard.edu (N.U.)
http://dx.doi.org/10.1016/j.cell.2015.02.049
Haroush and Williams trained pairs of monkeys to play in a prisoner’s dilemma game, a model of
social interactions. Recording from the dorsal anterior cingulate cortex (dACC), they find neurons
whose activity reflects the anticipation of the opponent’s yet unknown choice, whichmay be impor-
tant in guiding animals’ performance in the game.Imagine that you are playing the following
game against a stranger. Each of you
has to choose the option C or D without
knowing which option your opponent will
choose. Your outcome will depend bothonyourowndecision andyouropponents,
as outlinedona table (or a ‘‘payoffmatrix’’;
Figure 1A). If both of you choose C, you
both get $4. If both choose D, both get
$2. However, if one chooses C andthe other D, the former gets the biggest
reward ($6) while the latter gets the small-
est ($1). Which option would you choose?
Here is one way to think. Assuming that
your opponent chooses C, you get $4
